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let rec x = (fx) in · · · 5 ♥ 6
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rec x = X
Z3?N[cd4
XW4=<HZOJHRwc$4=XS?A< LjywyTL<3
x = let r = ref(raiseUndefined)
in r
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point = let rec self = {pos = ref 0,
move = λd(self .pos


























Point = λxλself {pos = ref x
move = λd(self .pos
 v self .pos + d)}
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rec x = fx
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rec f = (λxλyM)N
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rec x = X
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Point = λxλself {pos = ref x
move = λd((unfold self ).pos
 v (unfold self ).pos + d)}
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(let rec x = M in x)
RT[ E>/W4 1 [jEHJ>LCXC@dZE>RTLA[ 
./143[E>/W4<>F|[!EH?BLNLj@WJZ3?AyTZ3@WyT@1<RT<=
M, N . . .
TT




Y = %yλf.fλx.(unfold y)fx
?AyEH/WLA@1iA/4SZ3?N[1[WLNEZOy?NRT2E>/1RT<)R<)E>/W4SJHRwij/jE)Rw25VWyT43254=[jEP?EHRwLj[EHL@1<>4 5 LjJ5?EGF|VWRT[Wi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Z3?AyTZ3@Wyw@d<3WJH4=Z3@WJP<RTLA[RT<JHRwEE>4=[
rec(X . x : τ.M)
1/W4=J>4
X
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JHRE>E>43[ λf rec(X.x : τ.f{X}x) @1<RT[WiUJH43Fj43J
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V, W . . .
ww
` | λxM | unfold 
M, N . . .
ww
x | V | %xM | (MN)  "!$#%
P, Q . . .
ww
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[] | (EN) | (V E) | ((set `)E)
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(S,E[(λxMV )]) → (S,E[{x7→V }M ])
(S,E[(unfold `)]) → (S,E[V ]) S(`) = V
(S,E[%xM ]) → (S,E[((set `){x7→`}M)]) ` 6∈ dom(S) ∪ loc(E[%xM ])
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	 !  &! #%  "!$# (S, P )
` ∈ loc(P ) − dom(S) ⇒ ∃E, ∃Q. P = E[((set `)Q)]




(S, P ) → (S′, P ′)
REH/
` ∈ loc(P ′) − dom(S′)

s 4£V1J>LCZO4=4=Xc|F?Z=?A<>4?N[1?AywFC<>RT<=t1~




P ′ = E[{x7→V }M ]
WE>/143[
loc(P ′) ⊆ loc(P )

?A[1XSEH/W43JH4OLjJ>4






E = E′[((set `)E′′)]
./14
LAE>/W4=JZ3?j<4#<?NJH4<>Rw25RTyT?AJ=
@  DDªB ! aeC eC#"  M    #   ! #
* &     loc(M) = ∅ $% (∅, M) ∗→ (S, P ) # ' `∈ loc(P )−dom(S)
   # P = E[((set `)Q)] !   !'&  Q 
(	 *),+ .-/) ª$,0
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L[EGF|V$4<>FC<GEH432SCyT4OE@1<J>4=}|Rw4=?
<>RT2)V1ywRw14=XLAJH2 LA UJH43Fj43J
 <KLj[W4A,./W4SG[1?A254=< p @1<>4=X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F . . .
C/WRZP/
JH43V1J>4#<4=[jEP<EH/W45?NJH4=?A<URw[E>/W4<E>LjJ>4Rw[/WRTZP/E>/W4)VWJHLAijJH?A2	2?`FSVd4=JLjJ>2 ?A[a@W[CLjyTXWRw[Wid./WR<8R<J>4#ZOLjJHXC4#XSRw[E>/14
EGF|V$4=<LA @W[1ZOE>RTLA[1<=?j<8E>/W4kSyT?NE>4=[jE4O+4=ZOE p ?D@1[1ZEHRwLj[2?`F/1?`}j4A/W4=[?AVWVWyTRw4#XaEHL?N[u?NJHiA@W2543[!E#./1?NER<=E>/14EGF|V$4=<?AJ>4j
τ, σ . . .
ww







R<?JH43ijRwLj[ 5 ?S[1?N254 6 q1 [ 8J>4=FA4=J  <Y<FC<E>4=2E>/143JH4RT<?N[ ?AXWXWREHRwLj[1?Ny Z3LA[Cz<E>JH@1ZOE>RTLA[[d?N2543yTFa@W[WRT}A4=JH<H?NyK!@1?A[jEHR$Z3?EHRwLj[L}j43J?JH43ijRwLj[
∀ρ.τ
./148MG@dXCiA4=2)4=[!EH<LN E>/W4<>RT2)V1ywRw14=X}A4=JH<>RTLA[LA
8JH43FA4=J  <8EGF|Vd4<>FC<GEH432 /1?`}j4£EH/W45LAJH2












Γ, x : τ ` x : τ, ∅
Γ, x : τ ` M : σ, E
Γ ` λxM : (τ
E






Γ, x : τ rboxρ ` M : τ, E
Γ ` %xM : τ, E
ρ 6∈ E
Γ ` M : (τ
E
−→ σ), F Γ ` N : τ, G























































c1@CE8RwEUR<[WLAE8ZOyT4=?AJE>/1?NEE>/14£JH4=<>@WyEHRw[1i<FC<E>432 <>@WVWV$LAJ>EH<EGF|V$4Rw[W43JH43[1Z34 5 <>434m; E>LAJU?DXCRT<HZO@d<><>RwLj[ 6  s 4£</d?NyTy [WLAERT[|}A4#<GEHRwi!?E>4£E>/W4#<4!@W4#<GEHRwLj[1<U/143JH4Aa1 [1<E>4#?AX45</1?AywyKXC4=J>RT}A4JHLA2 E>/14EGF|V$4)?A[1Xa43$4#ZE<>F|<E>4=2 ?Nc$L}A4)?<>Rw25VWyT43J
<>FC<GEH432S /1RTZP/RT<yT4=<H<4OBCVWJH4=<H<>Rw}j4cW@WE43[MGLFC<E>/14iAL|LCXaVWJHLAV$43J>E>RT4=<JH4=!@WRTJ>4#XLjJ?N[Rw25VWyTRTZ3REHywFj<EH?NE>RZ3?AywyTFEGF|Vd4#X
y?N[1iA@1?AiA4A
















1∧ 1 = 1

0∧ 1 = 0

43EHZAwCEH/W4YJH@Wyw4#<?NJH4A
Γ, x : τ ` x : τ, 1
Γ, x : τ ` M : σ, α
Γ ` λxM : (τ
α
−→ σ), 1 Γ ` unfold : (τ rbox
0
−→ τ), 1
Γ, x : τ rbox ` M : τ, 1
Γ ` %xM : τ, 1
Γ ` M : (τ
α
−→ σ), β Γ ` N : τ, γ
Γ ` (MN) : σ, α ∧ β ∧ γ
b1LAJRT[1<EH?N[dZO4AC4Y/1?`}j4
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Rw[1i1 42?`F5XC4Od[W47WQ 9aJH4=ZO@1JH<>RwLj[





















E>LjiA4OEH/W43JRwE>/E>/14YcWRw[d?NJHF4O+4=ZOEU<FC<E>432 RT<[1LNE}A4=J>F43yTyz <>@WREH4=XLAJXW4=?NyTRT[WiRwE>/SJH4=Z3@WJH<>RT}A48@W[1ZEHRwLj[1<= 8[
¬2¬ e­d®z¯¯o®
=   	bªe]
C u Γ ` M : τ, α C ` β 6 α
C u Γ ` M : τ, β C u Γ, x : τ ` x : τ, 1
C u Γ, x : τ ` M : σ, a
C u Γ ` λxM : (τ a−→ σ), 1
C u Γ ` M : (τ a−→ σ), α C u Γ ` N : τ, β
C u Γ ` (MN) : σ, a ∧ α ∧ β
C u Γ ` unfold : (τ rbox 0−→ τ), 1
C u Γ, x : τ rbox ` M : τ, 1
C u Γ ` %xM : τ, 1
Figure 1: The Type and Binary Effect System





/1?j<_[WL4O+4=ZE 5 ?A[1X?AVWVWJHLAVWJHRT?NE>4EGF|VWRT[Wi 6 _QSLAJH43L}j43J#EH/W4URT[!E>@WRwE>RT}A48254=?N[1Rw[WiYLAcWRT[1?NJHF£43$4#ZEH< R<_25LAJH4UZOyT4=?AJKE>/d?N[EH/W4ULj[W4LN+EH/W4tS><>?N43[W4#<>< XC43ijJ>4=4=< p 21 [J>43E>JHLj<>Vd4#ZE#NE>/14EGF|V$4£<>F|<E>4=2	LA*; e >?NV1Vd4#?NJP<E>Lc$4£?A[a?EEH4325VCE8E>LcW@1RwyX?5EGF|Vd4?N[1XS43$4#ZE<>FC<GEH432	Rw[?aS/WL!<GEHRwyT4£ZOLj[!E>4OB|E p d/W43JH4EH/W4Y4O+4=ZOEH<43JH48/1RTXWXW43[J>Lj2E>/14<F|[!EH?NB+C?A[1XZ3LA@WyXLA[WyTFc$4XW4OE>4#ZEH4=XE>/WJHLA@1iA/43}?NyT@1?EHRwLj[Z3LA[!E>43B!EP<3CyTR03A4
([] V )LjJ
[].m










?A<8LA[W45ZOLj@WyTXRT<>/aEHLXWL 5 3 6 ./W4=J>43LAJH4EH/W4DZ3LA[1<E>JH@1ZE
%xM
/WRwyT4c$43RT[Wi?AXW4=!@1?EH4)LAJ£<>Vd4#ZORwdZ5VW@WJHV$Lj<>4=<=ywR03A4LjcCMG4=ZOEH<?j<J>4#ZO@WJP<>Rw}j4)JH4=Z3LAJPXW<=2?`Fa[WLNE
?jZEH@1?NyTywF!@1?AywRwF?A<?ij43[W4=JH?AydJH4=Z3@WJH<>RTLA[ZOLj[1<E>JH@1ZE# s 425?`F<E>RTywy+[W4=4=XD2)LjJ>4UE>JP?AXCRwE>RTLA[d?NydLAJH25< LNJ>4#ZO@WJP<RTLA[ AyTR^3j4
EH/W4YLA[14RT[|}A4#<GEHRwi!?E>4#XDRT[M;w6`e>~













EGF|V$4=<=+ 45XCR<GEHRw[Wij@WR</qS4O+4=ZOEH< p $EH/1?EY?NJH443RwE>/143JZOLA[d<GEP?N[!EH< 0 LjJ 1 +LAJ}?NJHRT?AcWyT4=<=1JHLA2 S4O+4=ZE4OBCVWJH4=<H<>RwLj[1< p WEH/1?E?AJ>4£cW@WRTyTXSJHLA2 4O+4=ZOEH<U@1<RT[WiEH/W4Z3LA[MG@1[1ZEHRwLj[LAV$43JP?E>RTLA[  K$4#ZE4OBCVWJH4=<H<RTLA[1<?AJ>4£[WLNE8<>@WVWV$Lj<>4=XEHLLCZ3Z3@WJURT[E>/14
?AJ>JHLxEGF|Vd4#< 5 cW@CEE>/1RT<R<[WLNEY?D<>43JHRwLj@1<8J>4#<GEHJ>RZEHRwLj[ 6 ./W4=[?A<H<>@W25Rw[WiiART}A4=[?XW43[|@W2543JP?NcWyT4<>4OE EVar LN4O+4=ZE}?AJ>R?NcWyT4=<=|E>/14<>F|[!EH?BLNEGF!V$4=<?A[1X4O+4=ZEP<R<?A<LjywyTL<3
p, q . . . ∈ EVar  $&      "
a, b, c . . . ∈ {0, 1} ∪ EVar   &  
α, β, γ . . .
ww
a | (α ∧ β)  $&       ! # 




−→ σ) | τ rbox 
	  
./14SEGF!V1Rw[WiMG@1XCij432543[!EP</1?`}A4E>/14LjJ>2
C u Γ ` M : τ, α /W43JH4 C R<? 
(bj[U#HejTU  E>/1?NERT<?1[WRwE>4a<>4OELART[W4#j@d?E>RTLA[d<
p1 6 α1, . . . , pn 6 αn




C ` β 6 α
d/WRTZP/a?AJ>4YV1J>L}j4=X
c|F2)4#?N[1<LA?A[RT[C43JH43[dZO4<>F|<E>4=2t/WRZP/</WLj@WyXDc$4YLAc|}|RwLj@1<=![d?N2543yTF+
C ` 0 6 α C ` α 6 1 C ` α 6 α
C ` α 6 γ C ` γ 6 β
C ` α 6 β
p 6 α , C ` p 6 α C ` (α ∧ β) 6 α C ` (α ∧ β) 6 β
C ` γ 6 α C ` γ 6 β
C ` γ 6 (α ∧ β)
./143[ E>/14EGF|VWRw[1i<FC<E>432 RT<iART}A43[ RT[bRwij@WJ>4 6j'./W4SdJH<EJ>@1yw4R<D?A[43$4#ZED4=?ª3A4=[WRw[1iJH@WyT4A<EH?EHRw[1iuE>/1?NED?SiAL|LCX p 43$4#ZEZ3?A[?Ayw?`FC< c$4<H?43yTFXCL[WijJH?jXC4=X21 [E>/W4YJH@WyT4LAJEGF|VWRw[1i5?Ac1<E>JP?AZEHRwLj[1<=jEH/W4J>4#<GEHJ>RZEHRwLj[EH/1?ELA[1ywF43$4#ZEP<Z3?N[LCZ3ZO@1J)RT[EGF!V$4=<)R<5[WLNE5}A4=J>F<>43JHRTLA@1<=Rw84Z=?N[RT[C4=J
C u Γ, x : τ ` M : σ, α  4Z=?N[ ?Ny<LRw[W43J


















2?`F)[WLv?NVWV1ywFE>/W4UJ>@WyT4LjJ_EGF|VWRT[Wi£?Ncd<GEHJH?jZE>RTLA[d<3 s 4ZOLA@1yTX?AyT<>LY/1?`}A4UJ>4#<GEHJ>RZEH4=X)4O+4=ZOE 4=?b3j43[WRT[WiEHLYEH?ª3A4VWy?AZ34
Lj[WyTF/W43[EGF|VWRT[Wi?N[?Ncd<GEHJH?jZE>RTLA[ 
C u Γ, x : τ ` M : σ, α C ` a 6 α
C u Γ ` λxM : (τ a−→ σ), 1
  ),+  - 	$ )
1 [ LjJHXW43JE>LVWJHL}A4)EGF|V$4<>?N4OEGFA 45dJH<E4OB|E>4=[1XE>/W4EGF!V$4<>F|<E>4=2 EHLSE>/W4JH@W[Cz{E>RT254yT?A[WiA@1?AiA4j. LSEH/WRT<£43[1X 4
?j<><>@W254E>/d?EEH/W4YEGF|VWRT[WiZOLj[jEH4OB|EH<UZOLA[!EP?NRT[[WLAEULA[1ywF?A<H<@W25VCEHRwLj[1<?Nc$LA@WEE>/W4EGF!V$4YLNK}?NJHR?NcWyT4=<=CcW@CE8?AyT<>L<>Rw25RTyT?AJ
?j<><>@W25VCEHRwLj[1<?Nc$LA@CEyTLCZ3?EHRwLj[1<=,./143[S 4/1?`}j4E>/W4YJH@WyT4=<=
C u Γ, ` : τ ` ` : τ rbox, 1
C u Γ, ` : τ ` P : τ, 1


























E = E0[((set `)E1)]
1~ER<4=?j<FE>LZP/W4=Z3E>/1?NE<>@1ZP/?N[4OBCVWJH4=<H<>RwLj[DR<[WLNEEGF|V1?AcWyw4j
¥Q C	C	B g1T6A       ! #  !   !  & E0[((set `)E1[(unfold `)])]   # !/






C u Γ, ` : τ ` (unfold `) : τ, α R<)?}?NyTRTXMG@dXCiA4=2)4=[!E=E>/W4=[v 4S/1?`}j4


























C u Γ ` V : τ, β R<£?S}?AywRXMG@1XCij432543[!E=EH/W43[
C u Γ ` V : τ, 1 RT<8}?NyTRTXaE>L|L 5 c!FRT[1XC@dZE>RTLA[LA[EH/W4)VWJ>L|LA_LNKE>/14£1JP<E MG@1XCij432543[!E 6 ./W4=[a 45<>/WLxE>/W4 94=2)2?c|FRT[1XC@dZE>RTLA[LA[E>/14YVWJ>L|LA LN














C u Γ, x : τ ` M : σ, α ?N[1X x RT<[1LNEJH434RT[
M
|EH/W43[




C u Γ ` ∅
C u Γ, ` : τ ` S C u Γ, ` : τ ` V : τ, α
C u Γ, ` : τ ` S[`  V ]
?A[1XE>/W4=[E>LZOLj[C1iA@1JH?NE>RTLA[1<=
C u Γ ` S C u Γ ` P : τ, α
C u Γ ` (S, P ) : τ
¥Q C	C	B L
	QdNJQ£N 
g1   $% C u Γ ` (S, P ) : τ  # ' (S, P ) → (S′, P ′)    #        Γ′ * & 
   C u Γ′ ` (S′, P ′) : τ # ' Γ′ = Γ !$ Γ′ = Γ, ` : σ !   !'&  ` # ' σ 
¬2¬ e­d®z¯¯o®
6#f   	bªe]
1E>/1RT< RT<?<EH?N[dXW?NJPX)J>4#<@WywE 5 





P ′ = E[Q]
./W4=[EH/W4V1J>L|LNLAE>/14DMG@1XWiA43254=[jE
C u Γ ` (S, P ) : τ /1?A<EH/W4LAyTywLRT[WiLAJH2S

C u Γ ` S

C u ∆ ` R : σ, β
C u Γ ` E[R] : τ, α









C u Γ ` R : σ, β ?A[1XE>/143[ac|FSZ3?A<>4=<LA[SE>/14£y?A<EUJ>@1yw4@d<4#XSRw[EH/W4£V1J>L|LNGdRw[LAJPXC43JEHL<>/WL EH/1?E8E>/WR<V1J>L|LN_Z=?N[c$4£JH43VWy?AZ34=XRw[
Πc|F?SVWJ>L|LALA
C u Γ′ ` Q : σ, β 5 ?A[1X <RT2£@1yEP?N[W4=LA@1<>ywFaE>/W4V1J>L|LNLN C u Γ ` S Z=?N[uc$4J>4=VWy?AZO4#Xc|F?SVWJ>L|LALA
C u Γ′ ` S′ 6 1EHL1[d?NyTywFLAcCEP?NRT[a?VWJHL|LNKLN C u Γ′ ` (S′,E[Q]) : τ 8./143JH4£?NJH4YEGLDZ3?j<4#<343RwE>/W4=JEH/W4£y?A<EUJH@Wyw4Rw[V1J>L}|RT[Wi
C u Γ ` R : σ, β RT<E>/W443$4#ZE 4#?b3A4=[WRT[Wi5J>@WyT4A$RT[/WRTZP/aZ=?A<>4Y 4<RT25VWywF@1<>4YE>/14Rw[dXC@1ZEHRwLj[/|F!V$LNEH/W4=<>R<3LjJRER<?5JH@Wyw4YXC4=Vd4=[1XCRT[WiLA[E>/14<F|[!EH?NBLNE>/W4Y43B|V1J>4#<><>RwLj[
•
1~
R = (λxMV )
?A[1X
Q = {x7→V }M
E>/W4=[E>/W4YVWJHL|LNJ>4=VWyT?jZO4=2)4=[!ER<?A<LjywyTL<=|E>/1?A[ 3C<E>L)E>/W4a9 43252?5g1 eC

C u Γ, x : θ ` M : σ, γ
C u Γ ` λxM : θ a−→ σ, δ0

C u Γ ` V : θ, δ1
C u Γ ` (λxMV ) : σ, β  

C u Γ ` {x7→V }M : σ, γ

C ` β 6 γ
C u Γ ` {x7→V }M : σ, β
/143JH4
C ` a 6 γ
?A[1X




R = (unfold `)
?N[dX
Q = V = S(`)
C42£@1<E/d?`}A4







C u Γ ` V : σ, γ  s 48?AywJH4=?jXCF£Ljc1<4=J>}j4=XE>/d?E C u Γ ` V : σ, 1 R<_EH/W43JH4OLjJ>4}?AywRXW/W4=[1ZO4





Q = ((set `){x7→`}M)
/W4=J>4
` 6∈ dom(S) ∪ loc(E[R])
E>/143[aEH/W4£V1J>L|LN_JH43V1yT?jZO43254=[jE8RT<?A<
LjywyTL<=WE>/d?N[ 3C<EHLE>/W4n943252?gd eW1@1<>Rw[1i? 4#?b3j43[WRT[Wi5VWJHLAV$43J>EGFAW[1?A2543yTFDEH/1?EULj[W4£Z=?N[?AXWXS/|F|V$LNE>/14=<>4=<RT[E>/14
EGF|VWRT[WiZOLA[!EH4OB|E8VWJHL}|RTXW4=XE>/d?EE>/W4=FaXCLD[WLAEZ3LA[1Z343JH[8; ?D}`?AJ>R?Nc1yw4LAJH>?yTLCZ3?NE>RTLA[aLCZ3Z3@WJHJ>RT[WiRT[E>/14)<>@WcCMG4#ZE8LA_E>/14
MG@dXCiA4=2)4=[!E 5 E>/1RT<R<4#?A<>F5E>LVWJHL}A4 6 

C u Γ, x : σ rbox ` M : σ, 1
C u Γ ` %xM : σ, β  

C u Γ, ` : σ ` {x7→`}M : σ, 1
C u Γ, ` : σ ` ((set `){x7→`}M) : σ, β
5 REH/ β = 1 6 8[W4E>/W4=[S@1<4#<E>/W4Y4=?ª3A4=[WRw[1iVWJHLAV$43J>EGF5E>LZ3LA[1Z3yw@1XW4A
•
bRT[1?NyTyTFRw
















C u Γ ` V : σ, 1
C u Γ ` ((set `)V ) : σ, 1  









C u Γ ` S  

C u Γ ` S

C u Γ ` V : σ, 1
C u Γ ` S′
./1RT<Z3LA[1Z3yw@dXC4=<EH/W4YVWJHL!LALA<>@WcCMG4=ZOEJ>4#XC@1ZOE>RTLA[
I_@CEEHRw[WiE>LAij4OEH/W43JE>/14a943252?A<gd  ?A[1XDgdw6jC 4LjcCEH?ARw[
   |       [QlL B XQ  gd gd "  M    
	     "!$# !'     ! *&   #  (   %  loc(M) =
∅    #      # M '! # !     #    
	 &! #%  "!$#     
 (∅, M) ∗→ (S, P )   # (S, P )   # ! 
 (
	 




















	 ),+   #"K& K"K,











































































/WRZP/lSRT< p ?<>LAyT@CEHRwLj[+LAJ2)LjJ>4VWJH4=ZOR<>43yTF/d?A<UE>/W45</d?NV$4LA ?<>LAyT@CEHRwLj[w <43E
B
LN?j<><>43J>E>RTLA[d< R<RT[ b]c_eV R
B = {t1 = τ1, . . . , tn = τn} ∪ {p1 = a1, . . . , pk = ak} ∪ {q1 6 α1, . . . , qm 6 αm}
/143JH4
5 R 6 E>/W4EGF|V$4Y}`?AJ>R?Nc1yw4 ti LA[WyTFLCZ3Z3@WJP<Rw[ B ?A<EH/W4YyT4O E25432cd4=JLNE>/W4Y4#j@d?E>RTLA[ ti = τi 






C = {q1 6 α1, . . . , qm 6 αm}
?A[1X






















   |   ^Ww6j
5 R 6   ' &!&  !  "!$# B    &  #%  
5 RwR 6 $%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θ rbox = (τ
a
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α = β





{e = e} ∪ A B A
{e = x} ∪ A B {x = e} ∪ A e
R<[WLNE?5}?NJHR?NcWyT4





{0 6 α} ∪ A B A
{1 6 (α ∧ β)} ∪ A B {1 6 α, 1 6 β} ∪ A
{a 6 1} ∪ A B A
{1 6 p} ∪ A B {p = 1} ∪ A
{(τ0
a
−→ σ0) = (τ1
b
−→ σ1)} ∪ A B {τ0 = τ1, a = b, σ0 = σ1} ∪ A
{τ rbox = σ rbox} ∪ A B {τ = σ} ∪ A
Figure 2: Decomposition of Assertions
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(C u Γ u τ, α) <>@1ZP/E>/1?NE C u Γ ` M : τ, α RT<VWJHL}?NcWyT4AY./WR<8EGF!V1Rw[WiR< Z.j.
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{Γ = ∆} = {Γ(x) = ∆(x) | x ∈ dom(Γ) ∩ dom(∆) }
.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Typ
RT<XW4O1[W4#Xc!FZ3?A<>4=<= ?j<)LAyTywL<= /W4=J>4RwED</WLj@WyXc$4S@W[1XC4=JH<E>L|LCXEH/1?E# /143[ ?Z3LA[1XWREHRwLj[




• Typ(x) = (∅ u x : t u t, p) /143JH4 t ?N[dX p ?NJH48J>4#</
• Typ(unfold) = (∅ u ∅ u t rbox 0−→ t, p) /W43JH4 t ?A[1X p ?AJ>4JH4=<>/
•
1~
Typ(M) = (C u Γ u τ, α) ?N[dX Γ(x) = σ 5 RwE>/5EH/W4ZOLj[|}A43[!EHRwLj[£EH/1?E σ RT< ?J>4#</)EGF|Vd4}?AJ>R?NcWyT4R x 6∈ dom(Γ) 6EH/W43[
Typ(λxM) = ({p 6 α} ∪ C u Γ\x u (σ p−→ τ), q) /W43JH4 p ?A[1X q ?AJ>48J>4#</4O+4=ZOE}?NJHRT?AcWyw4#<3
•
1~
Typ(M) = (C u Γ u τ, α) ?A[1X Γ(x) = σ 5 RwE>/)E>/W4<H?N254ZOLj[|}A43[!EHRwLj[£?A<K?AcdL}j4 6 N?A[1XR (C ′, S) = Sol(C∪{1 6
α, σ = τ rbox})
E>/W4=[




u Γ0 u τ0, α0) ?N[1X Typ(N) = (C1 u Γ1 u τ1, α1) 1?N[1XRw (C, S) = Sol(C0 ∪ C1 ∪ {τ0 = (τ1 p−→
t)} ∪ {Γ0 = Γ1})
E>/W4=[













σ = τ rbox
?A[1Xa25LjJ>4VWJ>4#ZOR<4=ywF




















C u Γ ` M : τ, α ?N[1X C ′ ` SC EH/W43[ C ′ u SΓ ` M : Sτ, Sα d/WRTZP/SR<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 M   
	  "   # Typ(M) '!# !   # ' (C u Γ u τ, α) = Typ(M)
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